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® A semiconductor device for detecting or emitting a magnetic line of force or light and a mold for 
molding a package. 


@ A semiconductor device (100) for detecting or 
remitting a magnetic line of force or light is so 
^provided that the major surface (11) of its built-in 

semiconductor chip (10) has a predetermined in- 
OOclination angle (8) relative to a mount surface (91) of 
Oa mount substrate (90). An active layer of element 
0Q(16) for detecting a magnetic line of force or tight or 
0>an element (24) for emitting a magnetic line of force 
for light is formed on the major surface (11) of the 
O semiconductor chip. It is, therefore, possible to 
_ achieve a smaller mount thickness as defined rela- 
yjtive to a mount surface and to detect a magnetic line 

of force or tight coming in a direction parallel to the 

mount surface or to emit a magnetic line of force or 


light in a direction vertical to the mount surface. 
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A semiconductor device for detecting or emitting a magnetic line of force or ligiit and a mold for 

molding a pacicage 


Tiie present invention relates to a semiconduc- 
tor device having a built-in semiconductor chip with 
a magnetic-line-of-force- or light-detecting or - 
emitting element mounted thereon, such as a Hal! 
element, a photodiode. a light emitting diode and a 
semiconductor laser, and to a mold for forming a 
package. 

Figs. 1 and 2 show a conventional semiconduc- 
tor device containing a semiconductor chip having 
an element mounted thereon to detect, for exam- 
ple, a magnetic line of force or light. 

As shown in Figs. 1 and 2. a semiconductor 
chip 80 has a magnetic-line-of-force- or Ught-de- 
tecting element, such as a Hall element and a 
photodiode. and is so sealed in a package 82 that 
its major surface 81 is vertically oriented with re- 
spect to a mount surface 91 of a mount substrate 
90 of an electronic machinery. By the "major sur- 
face" appearing in a later description is meant a 
chip's surface on which is formed a magnetic-line- 
of-force- or light-detecting or -emitting element. 
External leads 83 extend from the package 82 in a 
direction parallel to the major surface 81 of the 
chip. The external lead 83 has a narrowed forward 
end portion inserted into a socket hole 93 of the 
mount substrate 90. A semiconductor device 200 
thus provided is called a single in-line package 
type. 

The semiconductor device 200 can detect, for 
example, a magnetic line of force A (or light) com- 
ing in a direction parallel to the mount surface 91 
because the major surface 1 1 of the semiconductor 
chip 10 is oriented vertical to the mount surface 91. 

IHowever, a mount thickness H as indicated by 
arrows in Rgs. 1 and 2 becomes greater since the 
semiconductor device 200 is so configured that the 
major surface 81 of the chip is formed in the 
direction perpendicular to the mount substrate 90. 
It is, therefore, not possible to detect a magnetic 
line of force or light coming from the direction 
vertical to the moc:nt surface 90. 

An object of the present invention is to provide 
a semiconductor device having a smaller vertical 
mount thickness as defined relative to a mount 
surface, which detects a magnetic line of force or 
light coming in a direction parallel to the mount 
surface of a mount substrate and that coming in a 
direction vertical to the mount surface. 

Another object of the present invention is to 
provide a semiconductor device having a smaller 
vertical mount thickness as defined relative to a 
mount surface, which emits a magnetic line of 
force or light in a direction parallel to the mount 
surface of a mount substrate and in a direction 


vertical to the mount surface. 

Another object of the present invention is to 
provide a package formation mold which is suitable 
to the ready manufacture of a low-cost semlcon- 

5 ductor device. 

According to the present invention, the semi- 
conductor device includes a semiconductor device 
mounted on a mount surface of a mount substrate, 
comprising: a semiconductor chip having an active 

10 layer, on a major surface, which detects at least 
one of a magnetic line of force and light: at least 
one lead connected at one end to the semiconduc- 
tor chip and at tiie other end to the mount sub- 
strate; and a package for sealing the semiconduc- 

is tor chip such tiiat the major surface of the semi- 
conductor chip is Inclined at a predetermined angle 
to the mount surface. 

This invention can be more fully understood 
from the following detailed description when taken 

20 In conjunction with the accompanying drawings, in 
which: 

Figs. 1 and 2, each, are a side view showing 
a conventional semiconductor device as viewed in 
a different direction; 

25 Rg. 3 is a side view showing a semiconduc- 

tor device according to a tirst embodiment of the 
present invention. Rg. 3A b^ng a perspective view 
showing a first semiconductor chip built in the 
semiconductor device. Fig. 3B being a cross-sec- 

30 tional view as taken along line 3B-3B in Fig. 3A. 
Rg. 3C being a perspective view showing a second 
semiconductor chip built in the semiconductor de- 
vice and Rg. 3D being a cross-sectional view as 
taken along line 3D-3D in Rg. 3C: 

35 Figs. 4A to 4C are cross-sectional views 

showing a sequence of the manufacturing steps of 
the semiconductor device according to a first em- 
bodiment of the present invention; 

Rg. 5 is diagram for explaining an arrival of 

40 a magnetic line of force at the semiconductor de- 
vice of the first embodiment; 

Rg. 6 is a characteristic curve showing a 
relation of the an inclination angle e of the semi- 
conductor chip built in the semiconductor device to 

45 an output; 

Fig. 7 is a diagram for explaining the emis- 
sion of a magnetic line of force at the semiconduc- 
tor device of tiie tirst embodiment: 

Rg. 8 is a side view showing a semiconduc- 

50 tor device according to a second embodiment of 
the present invention; 

Figs. 9A to 9C are cross-sectional views 
showing a sequence of tiie manufacturing steps of 
the semiconductor device according to a first em- 
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bodlment of the present invention; 

Pig. 10 is a cross-sectional view showing a 
nnold which is used in the manufacture of a semi- 
conductor device according to the second embodi* 
ment of the present invention; 

Figs. 11 to 13, each, are a side view showing 
a semiconductor device according to a third em- 
bodiment of the present invention as viewed in a 
different direction; 

Rg. 14 is a plan view showing a semicon- 
ductor device according to a fourth embodiment of 
the present invention; 

Rgs. 15 to 17, each, are a side view showing 
a semiconductor device according to a fourth em- 
bodiment of the present invention as viewed in a 
different direction; 

Rgs. 18 to 20. each, are a side view showing 
a semiconductor device according to a fifth em- 
bodiment of the present invention as viewed in a 
different direction; 

Rgs. 21 to 23. each, are a side view showing 
a semiconductor device according to a si)cth em- 
bodiment of the resent invention as viewed in a 
different direction; 

Rg. 24 is a cross-sectional view showing a 
semi-conductor device according to a seventh em- 
bodiment of the present invention; 

Rgs. 25 to 27. each, are a side view showing 
a semiconductor device according to a eighth em- 
bodiment of the present invention as viewed in a 
different direction; 

Rgs. 28 to 29. each, are a side view showing 
a semiconductor device according to a ninth em- 
bodiment of the present invention as viewed in a 
different direction; and 

Rgs. 30 to 31. each, are a side view showing 
a semiconductor device according to a tenth em- 
bodiment of the present invention as viewed in a 
different direction. 

The embodiments of the present invention will 
be explained below with reference to the accom- 
panying drawings. 

Embodiment 1 

A semiconductor device according to a first 
embodiment of the present invention is a gull wing 
lead type device composed of a surface mounting 
type device (hereinafter referred to as an SMD) 
built-in magnetic line-of-force- or light-detecting or 
-emitting semiconductor chip. 

As shown in Rg. 3. a magnetic-line-of-force- or 
light-detecting or -emitting semiconductor chip 10 
is sealed in a package 12 such that Its major 
surface 11 is located In a direction parallel to an 
upper surface 12A of the package 12. External 
leads 13A and 13B are projected from the left- and 


WSTOCID: <EP ^0398088AUU> 


right-sides of the package 12. respectively. The 
external leads 13A and 13B are bent partway in the 
direction of a mount surface 91 and again bent in-a 
direction parallel to the mount surface 91. The 

5 forward end portions of the external leads 13A and 
13B are bonded to a conductive film pattenn 92 
which is formed on the mount surface 91. Such 
external leads are called "gull wing leads". 

In Rg. 3. LI and L2 denote the lengths of the 

10 external leads 13A and 13B, respectively, which 
are defined in a direction to the mount surface 91, 
noting that the length LI is different from the length 
L2 as shown in Fig. 3. The package 12 by itself is 
tiltable relative to the mount surface 91 . The semi- 

15 conductor chip 10 is so sealed in the package 12 
that the major surface 1 1 of the chip has an inclina- 
tion angle e with respect to the mount surface 91 . 

Rg. 3A is a perspective view showing one form 
of a built-in semiconductor chip of a semiconductor 

20 device of the present Invention. Rg. 3B is a cross- 
sectional view as taken along line 3B-3B in Rg. 3A 
As shown in Rgs. 3A and 3B. for example, 
active layers of Halt element 16 for detecting a 
magnetic line of force is formed in, for example, a 

25 GaAs substrate 15. A surface on which is formed 
the active layers, such as active layers of Hall 
element, is called as the major surface 11. A pro- 
tective film (an insulating film) 17 is formed on the 
GaAs substrate 15. Bonding pads 14 are locally 

30 provided on the protective film 17 and electrically 
connected to the active layers of Hall element 16. 

The semiconductor device of the present in- 
vention contains the semiconductor chip 10 as set 
forth above and can detect for example, a mag- 

3S netic line of force. 

Active layers of photodlode. active layers of 
phototransistor, active layers of photothyristor or 
the like may be used in place of the active layers 
of Hall element 16. In this case, the semiconductor 

40 chip and hence the semiconductor device detects 
light. 

Rg. 3C Is a perspective view showing a sec- 
ond form of a semiconductor chip of a semicon- 
ductor device of the present invention. Rg. 30 is a 
45 cross-secttonal view as taken along line 3D-3D in 
Rg. 3C. 

As shown in Rgs. 3C and 3D. a first clad layer 
20 of P type InGaAlP is formed on. for example, a 
P type GaAs substrate 19. An active layer 21 of 

50 InGaAtP is formed on the first clad layer 20 and a 
second clad layer 22 of n type InGaAlP is formed 
on the active layer 22. A cap layer 23 of n type 
QaAS is formed on the second clad layer 22 and 
an electrode 18 is formed on the cap layer. An 

55 oscillation area (emitting area) is formed at the 
active layer 20 to correspond to the electrode 18. A 
laser beam is emitted from the oscillation area 24. 
A surface of the active layer 21 which forms the 
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oscillation area 24 is called a major surface 11. 

The semiconductor device of the present in- 
vention can contain the aforementioned semicon- 
ductor chip 10 and, for example, emit light 

Not only a semiconductor laser but also a light 
emitting diode and a laser diode for instance may 
be employed to emit light from the semiconductor 
chip. 

A method for manufacturing a semiconductor 
device according to one embodiment of the 
present invention will be explained below with ref- 
erence to Rgs. 4A to 4C. 

As shown in Rg. 4 A. a semiconductor chip 10 
manufactured by an ordinary manufacturing meth- 
od with a magnetic-line-of-force- or light-detecting 
or -emitting element formed thereon is prepared. 
Then the semiconductor chip 10 Is bonded to a 
bed 31 of a lead frame -a die bonding step. A 
bonding pad, for instance, not shown, on the semi- 
conductor chip 10 is electrically connected by 
wires 32 to corresponding external leads ISA and 
13B of the lead frame - a wire bonding step. 

Then a package 12 for sealing the semicon- 
ductor chip 10 and portions of the external leads 
13A and 12B. together with the wires. Is fomned, as 
shown In Rg. 4B. with the use of a corresponding 
package formation mold. As the moid, use may be 
made of an ordinary mold which is used in the 
manufacture of an ordinary semiconductor device. 
In this case, a package 12 is molded by pouring 
insulating resin, such as synthetic resin, into the 
mold. At that time, a sealing packaging step is 
carried out with the major surface 11 of the semi- 
conductor chip 10 situated parallel to the upper 
surface 12A of the package 12 in which case the 
external leads 13A and 138 are projected from the 
corresponding positions at both the sides of the 
package. 

The external leads 13A and 138 are cut away 
from the lead frame in a manner to have respective 
lengths. Then the external leads ISA and 138 are 
bent partway in a direction of the bottom of the 
package 12 and then bent In the outer direction of 
the package 12. At this time, the external leads 
13A and 138 are^ made to have different lengths 
upon being bent* in the direction vertical to the 
aforementioned bottom direction (the mount direc- 
tion). In the embodiment shown in Rg. 4, the 
external leads ISA and 13B ar^ made to have 
lengths Li and L2. respectively, and a relation LI < 
L2. 

As shown in Rg. 4C. with 1.5mm representing 
a dimension D between the external leads 1 3A and 
138 extending from both the sides of the package 
12 and 0.87mm representing a difference (L2 - LI) 
between the vertical portions of the external leads 
13A and 13B. the major surface 11 of the semicon- 
ductor chip 10 can be made at an inclination angle 


of about 30* relative to the mount surface of the 
mount substrate (90 in Rg. 3) of the electronic 
device. By so doing, the major surface 11 of the 
chip 10 has an inclination angle e to the mount 

5 surface of the mount substrate. 
— The manner of detecting a magnetic line of 
force or emitting light on the semiconductor device 
100 of the present embodiment will be explained 
below with reference to Rgs. 5 to 7. 

10 Rg. 5 is a diagram showing the manner in 
which a magnetic line of force reaches of the 
aforementioned chip 10 on the first embodiment, 
Rg. 6 is a characteristic curve showing a relation of 
the Inclination angle of the chip built in the seml- 

15 conductor device of the first embodiment to an 
output obtained. 

Let it be assumed that, in Rg. 5. the mag- 
netism A acts parallel to the mount surface, not 
shown. In the semiconductor device 100 of the first 

20 embodiment, the major surface 11 of the chip 10 
has a predetermined Inclination angle $ to the 
mount surface, not shown. For this reason, the 
major surface 11 is so oriented as to allow the 
magnetic line of force to be directed not only In a 

25 horizontal direction but also in a vertical direction to 
the mount surface. It is, therefore, possible to de- 
tect, as shown in Rg. 5, a magnetic line of force. A, 
coming in a direction parallel to the mount surface. 
As indicated by the characteristic curve in Rg. 

30 6. a relation of the aforementioned inclination angle 
e to a detection output Vh is such that a maximum 
value Vhm is attained at e = 90* and a minimum 
value (that is, zero) at e = 0. It has been found that 
this relation can be expressed by the following 

35 equation: 

Vh = Vhm •sine 

In the semiconductor device 100 of the first 
embodiment, it Is possible to .obtain an output of 
50% of the maximum value Vhm, for example, at e 

40 = 30* . 

The output, in this case, is lowered in compari- 
son witii that of the conventional SIP type semicon- 
ductor device shown in Rgs. l and 2. According to 
the present semiconductor device, since the major 

46 surface of the built-in semiconductor chip is not 
fomned in a direction vertical to the mount surface, 
the mount thickness corresponding to H in Rgs. 1 
and 2 can be made smaller when the package is 
mounted on the mount substrate. The lowering of 

50 the output Vh can be compensated for by, for 
example, Improving the semiconductor chip 10 per 
se or any other proper means. That is, the semi- 
conductor device of the first embodiment can ade- 
quately be employed without decreasing the ef- 

55 fects of the present invention. 

The characteristic of the present semiconduc- 
tor device upon the detection of light, not mag- 
netism, can be expressed by a sine function as 
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shown in Rg. 6. ^ . j„ 

The conventional SIP type semiconductor de- 
vice as shovm in Rgs. 1 and 2 cannot detect a 
magnetic line of force or light coming in a direction 
vertical to the mount surface, this being a case of fl 
= 0. 

In the semiconductor device of the first em- 
bodiment, it is possible to detect the magnetic line 
of force or light coming in a direction vertical to the 
mounting surface, because the major surface 11 of 
the chip 10 is so oriented as to have an inclination 
angle (90-9) to the magnetic line of force or light 
coming from the vertical direction. 

The output characteristic of the present semi- 
conductor device with respect to the magnetic line 
of force or light coming from the direction vertical 
to the mount surface can be expressed as a sine 
function as shown in Rg. 6. 

Rg. 7 is a diagram showing the state of the 
light emission of a tight emittino element, such as a 
semiconductor laser, mounted on the chip 10 of 
the semiconductor device of the first embodiment. 

Let it be assumed that, in Rg. 7. a line 30 is 
parallel to the mount surface, not shown. In the 
semiconductor device 100 of the first embodiment, 
the major surface 11 of the semiconductor chip is 
so oriented as to have an inclination angle 6 to the 
mount surface. The light E emitting from the semi- 
conductor chip 10 has an inclination angle 9 with 
respect to the mount surface. By so doing, the 
emitting light E can be expressed by horizontal and 
vertical components if and ev as vectorially 
given below: 


E » el + ev 


Further, at the output of the light VE. the 
output Vv of the vertical component ev can. be 
expressed by the following sin function: 
W = VE'sine 

With a light emitting element-equipped chip 10 
built in the semiconductor device 100 of the first 
embodiment, a light component vertical to the 
mount surface can be emitted, ensuring a semicon- 
ductor device having a smaller mount thickness as 
opposed to H in Rgs. 1 and 2. 

According to the manufacturing method as 
shown in Rgs. 4A to 4C. it is only necessary to 
exchange a lead frame configuration (including ex- 
temal leads 13A and 13B) upon comparison with 
an ordinary manufacturing method. It is possible to 
utilize a majority of the existing equipment, m par- 
ticular an expensive assembling equipment, without 
being modified. No extra assembling facility is re- 
quired in the manufacturing of a semiconductor 
device of the present invention. That is. it is thus 


possible to readily manufacture a semiconductor 
device 100 at low costs without using any special 
equipment 


Embodiment 2 

A semiconductor device according to a second 
embodiment of the present invention will be ex- 
,0 plained betow with respect to Rg. 8 with the same 
reference numerals employed to designate parts or 
elements con^esponding to those shown in Rg. 3 
except for different parts or elements only. 

As shown in Rg. B. a semiconductor device 
75 102 of the second embodiment is of such a type 
that a major surface 11 of a magnetic-line-of-force- 
or a light-detecting or -emitting element mounted 
semiconductor chip 10 is sealed in a package 12 in 
a predetermined inclination angle with respect to 
20 an upper surface 12A of the package 12. In ttiis 
case, the upper surface 12A of the package 12 is 
situated parallel to a mount surface 91. Given an 
inclination angle 9 between the major surface 11 of 
the chip 10 and the upper surface 12A of We 
25 package 12. the major surface 1 1 of the chip 10 is 
so oriented as to have an inclination angle 9 with 
respect to the mount surface 91. 

The semiconductor device 102. like the first 
embodiment, can detect a magnetic line of force or 
30 light coming in a direction parallel to the mount 
surface 91 or emit a magnetic line of force or light 
in a direction vertical to the mount surface 91, 
Since the semiconductor device 102 has its pack- 
age 12 per se mounted parallel to the mount sur- 
35 face 91 of a mount substrate 90. the mount thick- 
ness of the semiconductor device of fr\e first em- 
bodiment corresponding to H in Rgs. ^ and 2 ran 
be reduced upon being compared with that of the 
first embodiment of the present invention. As the 
40 upper surface 12A. in particular, of the package is 
situated parallel to the mount surface 91. the auto- 
matic mounting of the semiconductor device as has 
often been utilized in the case of an SMD can be 
achieved on the existing automatics mounting equip- 
45 ment As a result, it is possibie to utilize vacuum 
suction at the upper surface 12A of the package 
and to readily pick up the semiconductor device 

102 perse. ^ » 

The way of manufacturing a semiconductor de- 
50 vice according to the second embodiment of the 
present invention will be explained below with ref- 
erence to Rgs. 9A to 9C. 

As shown in Rg. 9A. a semiconductor chip 10 
virith a built-in element for detecting or emitting a 
55 magnetic line of force or light is bonded to a ted 
31 on a lead frame as in the step set forth in Fig. 
4A - a die-bonding step. Then a bonding pad for 
Instance on the semiconductor chip 10 is elec- 
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trically connected by external leads 13A and 13B 
on the lead franne - a wire bonding step. 

As shown in Rg. 9B. a package 12 which 
seals, together with wires, the semiconductor chip 
10 and parts of external leads 13A and 13B is 
formed by a mold in the same step as set forth in 
Fig. 48. At this time, the semiconductor chip 10 
and package 12 is so sealed as to have a predeter- 
mined inclination angle between their surfaces 11 
and 12A. At this time, the external leads 13A and 
138 are projected at different places on both the 
sides of the package 12. in order for this to be 
achieved, use may be made of a package forma- 
tion mold as shown, for example, in Rg. 10. 

Rg. 10 is a cross-sectional view showing part 
of the package formation mold 70 suited to the 
manufacture of a semiconductor device of the sec- 
ond embodiment. 

As shown in Rg. 10, the mold 70 is composed 
of a pair of mold halves 71 and 72. upper and 
lower, with the opposite sides thereof inclined with 
respect to the mating surfaces of the mold halves 
to provide two molding cavities 75 and 77 with 
respect to the upper and lower surfaces corre- 
sponding to the top and bottom of the mold In 
which case the opposite sides of the mold halves 
are higher for one and lower for the other. By so 
doing, the bottom surface 76 of the mold cavity 75 
of the upper mold half 71 is inclined at a predeter- 
mined angle to the mating surface 74 of the mold 
and the bottom surface 78 of the mold cavity 77 of 
the lower mold half 72 is inclined at a predeter- 
mined angle to the mating surface 74 of the mold. 

A semiconductor chip-mounted lead frame is 
sandwiched between the mutually parallel mating 
surfaces 74 of the upper and lower mold halves 71 
and 72 and insulating resin» such as synthetic 
resin, is poured into the mold 70 to mold a pack- 
age 12. 

Then, as shown in Rg. 9C, external leads 13A 
and 13B are each made to have predetermined 
lengths in the same way as set out above in Rg. 
4C and separated away from the lead frame. The 
external leads 13A and 138 are first bent partway 
toward the bottom of the package 12 and then bent 
with their fon^^ard end portions oriented outwardly 
of the package 12. At this time, the external leads 
13A and 13B are so formed that their vertical 
lengths over which the bent sections extend toward 
the aforementioned bottom (the mount surface) are 
made different from each other. In an example 
shown in Rg. 9C, external leads 13A and 138 are 
made to have lengths LI and L2. respectively, as 
given below: LI < L2. 

Let it be assumed that, in Rg. 9C, D = 1.5mm 
and (L2 - LI) = 0.87mm where 
D: the distance between the external leads 13A and 
138 as extending from both the sides of the pack- 


age 12: and 

LI. L2: the vertical lengths of the external leads 
13A and 13B. 

In this case, the semiconductor chip 10 can be 
5 mounted relative to the mount surface of the mount 
substrate with the major surface 11 inclined at 
about 30* relative to the mount surface. By so 
doing, the major surface 11 of the semiconductor 
chip 10 built in the semiconductor device 102 has 
70 an inclination angle of about 30* with respect to 
the mount surface of the mount substrate. 

Even in the aforementioned manufacturing 
method, the existing assembling equipment can be 
utilized, as it is, in the same way as explained in 
75 connection with Rgs. 4A to 4C. It is thus possible 
to readily manufacture a semiconductor device at 
low costs. 

20 Embodiment 3 

A semiconductor device according to a third 
embodiment of the present Invention will be ex- 
plained below with reference to Rgs., 11 to 13. In 

25 Rgs. 11 to 13. the same reference numerals are 
employed to designate parts or elements corre- 
sponding to those shown in Fig. 3 except for dif- 
ferent parts or elements as will be set forth below. 
The semiconductor device 104 of the third 

30 embodiment Is of such a J-bend type that the 
fonward end portions of the external leads 13A and 
13B are J-bent as shown in Rgs. 11 to 13. 

Even if the J-bend type is adopted for the 
external leads 13A and 13B, the vertical lengths of 

55 the external leads 13A and 13B extending toward a 
mount surface, not shown, as defined above are 
made different from each other. By so doing, the 
major surface 11 of the semiconductor chip 10 can 
be made to have a predetermined inclination angle 

40 relation to the mount surface, not shown, it is thus 
possible to obtain the same advantage as set out in 
connection with the aforementioned embodiment 


45 Embodiment 4 

A semiconductor device according to a fourth 
embodiment of the present invention will be ex- 
plained below with reference to Rgs. 14 to 17. In 

50 Rgs. 14 to 17, the same reference numerals are 
employed to designate parts or elements conre- 
sponding to those shown in Rg. 3 except for dif- 
ferent parts or elements as will be set out below. 
As shown In Rgs. 14 to 17, a semiconductor 

55 device 106 of the fourth embodiment of the present 
invention is of a quad flat package (QFP) having 
external leads 13A to 13D projected from four 
sides of a package 12. 
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If the present invention is applied to the QFP 
type semiconductor device, external leads 13A and -- 
13B which are projected from the two opposite 
sides of the package are made, as in the afor^ 
mentioned first to third embodiments, to have dif- 
ferent vertical lengths as defined with respect to a 
mount surface, not showm. 

Further, external leads 13C and 13D which are 
projected from the other two opposite sides of the 
package are made to have different vertical lengths 
as defined with respect to the mount surface, not 
shown, so that a conresponding inclination angle 
can be obtained between the major surface 11 and 
the mount surface, not shown. If a Pi^^mot 
external leads 13C and that of extemal leads 130 
are provided on the package, their vertical lengths 
can be made different to meet the aforementioned 
inclination angle. , , . ^ 

If the aforementioned extemal leads are so 
provided as set out above, the present inventon 
can be applied to the QFP type semiconductor 
device, obtaining the same advantages as set forth 
in .connection with the aforementioned embodi- 
ment. 


line of force or light, for example. Is emitted in a 
direction vertical to the mount surface. It is desir- 
able that an element for emitting a magnetic hne of 
force or light be mounted on the semiconductor 
5 chip 10 built in the semiconductor device 108 of 
the fifth embodiment. 


Embodiment 6 


10 


Embedment 5 

A semiconductor device according to a fifth 
embodiment of the present invention will be ex- 
plained below with respect to Figs. 18 to 20. In 
Rgs 18 to 20. the same reference numerals are 
employed to designate parts or elements corre- 
sponding to those shown in Rg. 3 except or dif- 
ferent parts or elements as will be set out below. 

As shown in Figs. 18 to 20. the semiconductor 
device 108 of the fifth embodiment is of such a 
type that extemal leads 13C and 13D projected 
from the two opposite sides of a package 12 are 
made to have different vertical lengths as defined 
with respect to a mount surface, not shown, so that 
a predetennined inclination angle is obtained be- 
tween the major surface 11 of the chip and a 
mount surface, not shown. If a plurality of extemal 
leads 13C and that of extemal leads 13D are pro- 
vided on the package, their vertical lengths as 
defined above are so varied as to meet the afore- 
mentioned inclination angle. 

Even the aforementioned extemal leads 13A 
and 13B can be made to incline the major surface 
11 of the chip at a given angle to the mount 
surface not shown. Further, in the semiconductor 
device 108 of the fifth embodiment, the extemal 
leads 13A and 13B are not located on those sides 
of the package on which the major surface 11 of 
the chip is Inclined in a direction shown in Figs^ 18 
to 20. It is. therefore, possible to reduce an effect 
of the extemal lead ISA or 13B when a magnetic 


A sixth embodiment of the present invention 
will be explained betow with reference to Figs. 21 
to 23. In Figs. 21 to 23. the same reference nu- 
merals are employed to designate parts or el^ 
,5 ments corresponding to those shown in Rg. 3 
except for parts or elements as will be set out 
IdbIow 

AS shown in Figs. 21 to 23. the semiconductor 
device 110 of the sixth embodiment constitutes a 
20 combination of the concept of the first embodiment 
and that of the fifth embodiment That is. external 
leads 13E and 13F projected from two opposite 
sides of a package 12 are made to have different 
vertical lengths as defined above with respect to a 
26 mount surface, not shown, so that the major sur- 
face 11 of the semiconductor chip 10 Is so vaned 
as to meet a predetennined inclination angle de- 
fined between the major surface 11 of the semicon- 
ductor chip 10 and the mount surface. 
30 In the arrangement shown in Figs. 21 to 23. the 
major surface 11 of the semiconductor chip can be 
inclined on those sides of the package on which 
the external leads 13E and 13F are projected in a 
direction shown in Rgs. 21 to 22. The major sur- 
as face 1 1 of the chip can also be inclined in the ottwr 
direction in which the external leads 13E and 1 st- 
are projected as shown in Rgs. 21 to 23. By so 
doing, the major surface 11 of the chip is inclined 
both in a first direction first-mentioned and in a 
40 second direction vertical to the first direction. Thus, 
the semiconductor device 110 of the sixth eml>odi- 
ment can detect a magnetic line of force or light 
coming in the direction (first direction) parallel to 
the mount surface, not shown, and in the direcbon 
45 (second direction) vertical to a plan of the first 
direction. 


Embodiment 7 


so 


The way of surface-mounting an SMD accord- 
ing to the seventh embodiment of the present 
iiwention on the mount substrate of an electronic 
device will be explained below with reference to 

55 2^ ^ cross-sectional view showing a 3- 

tayered device having three semiconductor circuit 
substrates with an SMD surface-mounted thereon 
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each. The same reference numerals are employed 
In Rg. 24 to designate parts or elements cor- 
responding to those shown In the preceding draw- 
ings. 

As shown in Rg. 24. three mount substrates 90 
are provided on the three-layered device and have 
a mount surface 91 each. Of the three mount 
substrates 90. one mount substrate can be used to 
mount semiconductor devices on each surface of 
the mount substrate. For this reason, a second 
mount surface 91 A exists on the rear side of the 
mount surface 91. A conductive film pattern 92 for 
constituting a desired circuit pattern is formed on 
the mount surfaces 91 and 92A. Semiconductor 
devices 102, 108 and 202 are mounted on the 
conductive film pattern 92 through which a supply 
of a drive voltage as well as a supply of an elec- 
trical signal to and from an associated circuit is 
carried out. The semiconductor device 102 is of the 
same type as set out in connection with the second 
embodiment and a light detecting element, such as 
a photodiode. is mounted on a semiconductor chip 
10 built in the semiconductor device. By so doing, 
the semiconductor device 102 detects light E. The 
semiconductor device 108 Is of the same type as 
set out in connection with the fifth embodiment and 
a light emitting element, such as a semiconductor 
laser, is mounted on the semiconductor chip 10 
built in the present semiconductor device. There- 
fore, the semiconductor device 108 can emit light 
and the semiconductor device 202 is of an ordinary 
type with an element, such as a MOSFET or a 
bipolar transistor, mounted on a built-in semicon- 
ductor chip 10 and performs various functions nec- 
essary for a circuit or circuits, such as a logical 
operation and signal control. 

Incorporating the semiconductor devices of the 
present invention into the aforementioned layered 
circuit substrate structure ensures the following ad- 
vantages. 

Rrst. the mount thickness as defined in con- 
nection with the embodiments of the present inven- 
tion becomes smaller by mounting the semicon- 
ductor device 102 on a given location to detect 
light E coming in a direction parallel to the mount 
surfaces 91 and 91 A. The layered circuit substrate 
structure allows light E to be detected at the inter- 
mediate layer in particular. Further, the semicon- 
ductor device 102, like the ordinary semiconductor 
device 202. can automatically be arranged and 
mounted on the mount surface by utilizing an auto- 
matic mount technique. 

The mount thickness as defined in connection 
with the aforementioned embodiment becomes 
smaller by mounting the semiconductor device 108 
on the mount surface to emit light E in a direction 
vertical to the mount surface 91 A. Mounting the 
semiconductor device 102 at a proper location on 


the mount surface to receive light E emitted by the 
semiconductor device 108 can ensure the effective 
reception of light E. The semiconductor device 
108, like the ordinary semiconductor device 202, 
5 can automatically be arranged and mounted by 
utilizing the automatic mount technique. 

By applying the aforementioned surface mount 
technique to the semiconductor device of the 
present invention it ts not necessary to use the 
10 semiconductor device of. for example. Rg. 1 and 2 
at a location to receive a magnetic line of force or 
light coming in a direction parallel to the mount 
surface. The aforementioned semiconductor struc- 
ture can avoid the joint use of the SMD and pin- 
ts Insertion type device and achieve a smaller mount 
thickness as defined above and can readily be 
achieved as a labor-saving and hence a low-cost 
unit. 

It is to be noted that, in the arrangement shown 
20 in Fig. 24, a magnetic line of force can be used in 
place of the light E. 


Embodiment 8 

25 

A semiconductor device according to an eighth 
embodiment of the present invention will be ex- 
plained below with reference to Rgs. 25 to 27. In 
Rgs. 25 to 27, the same reference numerals are 

30 employed to designate parts or elements corre- 
sponding to those shown in Rg. 3 except for dif- 
ferent parts or elements as will be set out below. 

The semiconductor device according to the 
eighth embodiment of the present invention is of a 

36 pin-insertion type DIP semiconductor device. Exter- 
nal leads 53A and 53B have a narrower forward 
end portion each which is inserted into a cor- 
responding socket hole provided in the mount sub- 
strate, not shown. 

40 In this way, it may be possible to apply the 
present invention to the DIP type semiconductor 
device. 

The concept of inclining the major surface 11 
of the built-in semiconductor chip 10 at a give 
45 angle to the mount surface, not shown, may be 
adopted for the aforementioned embodiments. 


Embodiment 9 

50 

A semiconductor device according to a ninth 
embodiment of the present Invention will be ex- 
plained below with reference to Rgs. 28 and 29. In 
Rgs. 28 and 29. the same reference numerals are 
55 employed to designate parts or elements con^e- 
sponding to those shown in Rg. 3 except for dif- 
ferent parts or elements as will be set forth below. 

As shown in Rgs. 28 and 29, the present 
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invention is applied to a pin-insertion type SIP 
semiconductor device to provide the semiconduc- 
tor device 152 of the ninth embodiment. Externa! 
leads 53 are bent partway so that a major surface 
11 of a semiconductor chip 10 has an inclination 
angle relative to a mount surface, not shown. 

In the aforementioned semiconductor device 
thus constnjcted, the mount thickness as defined in 
connection with the preceding embodiment be- 
comes smaller than that of the SIP type semicon- 
ductor device shown in Figs. 1 and 2 in particular. 
It Is thus possible to detect, for example, light 
coming in a direction vertical to the mount surface 
which would otherwise be impossible on the SIP 
type semiconductor device shown in Figs. 1 and 2. 

In this way. the present invention can be ap- 
plied to the SIP type semiconductor device. 


Embodiment 1 0 

A semiconductor device according to a tenth 
embodiment of the present invention will be ex- 
plained below with reference to Figs. 30 and 31 
with the same reference numerals employed to 
designate parts or elements corresponding to those 
shown in Fig. 3. 

As shown in Figs. 30 and 31. the present 
invention is applied to the pin-insertion type SIP 
semiconductor device to provide a semiconductor 
device 154 of the tenth embodiment of the present 
intention with the top surface, of a package 12 
formed in a direction parallel to. for example, a 
mount surface, not shown. The external lead 53 is 
bent partway to have a predetermined inclination 
angle to the mount surface, not shown. 

In the aforementioned semiconductor device 
154. the mount thickness as defined above in con- 
nection with the preceding embodiment becomes 
much smaller than the SIP semiconductor device 
.of the ninth embodiment. 

Further, the package 12 can be readily manu- 
factured using the package formation mold of, for 
example. Fig. 10 with a minor modification made 
thereto. 

Reference signs in the claims are intended for 
better understanding and shall not limit the scope. 


Clainos 

1. A semiconductor device mounted on a 
mount surface (91) of a mount substrate (90), in- 
cluding a semiconductor chip (10) having an active 
layer (16) on a major surface (11), which detects at 
least one of a magnetic line of force and light, at 
least one lead (13) connected at one end to said 
semiconductor chip (10) and at the other end to 


said mount substrate (90). and a package (12) for 
sealing the semiconductor chip (10). characterized 
In that. 

said package (12) seals said semiconductor chip 
5 (10) such that said major surface (11) of said 
semiconductor chip (10) is Inclined at a predeter- 
mined angle (8) to said mount surface (91). 

2. A semiconductor device mounted on a 
mount surface (91) of a mount substrate (90). in- 

w eluding a semiconductor chip (10) having an active 
layer (16) on a major surface (11). which emits at 
least one of a magnetic line of force and fight, at 
least one lead (13) connected at one end to said 
semiconductor chip (10) and at the other end to 

75 said mount substrate (90). and a package (12) for 
sealing the semiconductor chip (10), characterized 
in that. 

sakJ package (12) seals said semiconductor chip 

(10) such that said major surface (11) of said 
20 semiconductor chip (10) is inclined at a predeter- 
mined angle (8) to said mount surface (91). 

3. The semiconductor device according to 
claim 1. characterized in that said major surface 

(11) of said semiconductor chip is formed parallel 
26 to an upper surface of said package (12), 

4. The semiconductor device according to 
claim 1, characterized in that said major surface 
(11) of said semiconductor chip has a predeter- 
mined inclination angle to an upper surface (12A) 

30 of said package (12). 

5. The semiconductor device according to 
claim 1. characterized in that said leads (13) are 
composed of first and second external leads (13A 
and 13B) extending from two conresponding op- 

35 posite sides of said package (12). a vertical length 
(L1) of the first external lead as defined relative to 
said mount surface (91) Is different from a vertical 
length (L2) of the second external lead (13B) as 
defined relative to said mount surface. 

40 6. The semiconductor device according to 

claim 1, characterized in that said leads (13) are 
composed of first and second leads (13C and 130) 
extending from two corresponding sides of said 
package (12) and vertical lengths of said first and 

45 second external leads (13C and 13D) as defined 
relative to said mount surface (91) are made dif- 
ferent from each other to meet said predetermined 
Inclination angle (9). 

7. The semiconductor device according to 
50 Claim 1 or 2. characterized in that said semicon- 
ductor device is of a surface mount type device 
(100 to 110), 

8. A package formation mold comprising first 
and second mold halves (71 and 72) used with a 

55 semiconductor chip-mounted lead frame (13, 31) 
sandwiched between mating surfaces (74) of the 
first and second mold halves to mold a package 
with the mating surfaces of the first and second 
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mold halves formed parallel to a major surface of 
the semiconductor chip (10). characterized by com- 
prising a first mold cavity (75) formed to have a 
configuration conforming to said semiconductor — 
chip (10) and having a bottom surface (76) inclined 
relative to the mating surface (74) of the first mold 
cavity, and a second mold cavity (78) formed to 
have a configuration conforming to said semicon- 
ductor chip (70) and having a bottom surface (78) 
inclined relative to the mating surface of said sec- 
ond mold cavity, whereby the semiconductor-chip 
contained package is formed. 
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